SEASONALITY AND DEPTH DISTRIBUTION
OF LARVAL FISHES IN
THE NORTHERN GULF OF MEXICO
ABOVE LATITUDE 26°00'N

Justification and Methods

Information on early life stages of fishes is impor-
tant for a better understanding of recruitment pro-
cesses and for the proper management of fisheries.
Knowledge of seasonal occurrence and depth dis-
tribution of larval fishes is essential for planning and
scheduling ichthyoplankton cruises (Colton et al.
1979) and juvenile surveys, so that sampling for
target species can be concentrated during periods
and at depths where effort will be most effective
(Saville 1964). In addition, knowledge of the seasonal
occurrence of early life stages is an important aid
in identifying larvae. Because eggs and yolk-sac lar-
vae are planktonic for only a relatively few days
after being spawned, the presence and distribution
of early life stages also suggests proximity of adult
spawning concentrations (Houde 1974), aiding the
definition of spawning areas and seasonal spawn-
ing migrations of adults. Since some commercial and
recreational fisheries (e.g., red drum, Sciaenops
ocellatus, and black drum, Pogonias cromis) exploit
spawning aggregations, encroachment on these
aggregations could have an adverse impact on the
fishery.

Colton et al. (1979) summarized larval seasonality
data and spawning areas for marine continental
shelf fishes between Nova Scotia and North Caro-
lina; whereas, Herrema et al. (1985) inferred spawn-
ing seasons of coastal fishes off eastern Florida
based on examination of enlarged gonads. The sea-
sonal occurrence of larvae of many species from the
northern Gulf of Mexico (GOMEX), however, is not
well documented. The northern GOMEX is herein
defined as waters north of lat. 26°00'N; this area
approximates the U.S. Fishery Conservation (i.e.,
Exclusive Economic) Zone. For discussion, the study
area was subdivided into three regions (Fig. 1) based
on longitude as follows: eastern GOMEX (waters
east of long. 86°00'W), central GOMEX (those
between 86°00'W and 94°00'W), and western
GOMEX (waters west of 94°00'W). Seasonality data
are scattered throughout the grey literature, and
many studies have focused on either select taxa or
are limited in spatial or temporal coverage. The most
comprehensive studies of the larval ichthyofauna
community in the northern GOMEX were those of
Houde et al. (1979) from continental shelf waters
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FIGURE 1.—Location of the northern Gulf of Mexico (GOMEX) and its subregions. Studies conducted in waters east of long. 86°00'W
are considered northeastern GOMEX, those between 86°00'W and 94°00'W are north-central GOMEX, and west of 94°00'W are

northwestern GOMEX.

off west Florida, and Finucane et al. (1977, 1979b)
from the south Texas outer continental shelf. Ditty
(1986) presented data on seasonality of larval fishes
from neritic continental shelf waters off Louisiana
that included a discussion of peak seasonal occur-
rence of abundant taxa; however, those data were
limited in areal coverage, and there were significant
gaps in the temporal occurrence of many taxa.
Therefore, data on larvae of approximately 200
coastal and oceanic fishes from 61 families were
compiled from unpublished plankton surveys!, as
well as other published studies from throughout the
northern GOMEX, to further clarify the seasonal-
ity and peak seasonal occurrence (Table 1), and
depth distribution (Table 2) of larval fishes from this
area. Since the occurrence of early developmental
stages of fishes suggests recent spawning (Colton
et al. 1979; Ruple 1984), only studies that primari-
ly collected larvae <10 mm SL were used. Because
the taxonomy of larvae of many northern GOMEX
fishes (e.g., most exocoetids, blennies, and gobies)
are poorly understood, no attempt was made to com-
pile seasonality or depth distribution data for these
taxa or for anguilliform, myctophiform, or salmoni-
form fishes; other poorly understood taxa (e.g., en-

Louisiana Department of Wildlife and Fisheries, P.0. Box
98000, Baton Rouge, LA 70898-9000.
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graulids and cynoglossids) were assigned only to
genus.

Discussion

Although not all northern GOMEX ichthyoplank-
ton studies were readily comparable because of
differences in gear and tow type, plankton net mesh
size, and seasonal and areal coverage (Table 3), few
major discrepancies in either seasonality or peak
seasonal occurrence of larvae resulted from such dif-
ferences. For example, Pearson (1929) suggested a
secondary spawning from late July to November for
black drum off Texas, but these dates have not been
reported from elsewhere in the literature. Likewise,
Finucane (1976) reported round scad, Decapterus
punctatus, <6 mm SL in December-January, but
based on sampling at the same location in subse-
quent years (Finucane et al. 1977, 1979b) and the
seasonal occurrence of this species as suggested by
others (Table 1), these may have been larvae of the
rough scad, Trachurus lathami, rather than those
of round scad. Houde et al. (1979) collected larvae
of Spanish sardine, Sardinella aurite, during all
months of their Florida continental shelf survey;
however, their winter occurrences of Spanish sar-
dine were only from the southern part of the survey
area (i.e., <26°00°N). This may account for the dis-



TABLE 1.—Seasonality (X) and peak seasonal occurrence (*) of larval fishes (<10 mm SL) in the northern Gulf of Mexico (GOMEX) above
lat. 26°00'N. Sources 1-31 and 75 are studies conducted in the northeastern GOMEX (waters east of long. 86°00'W); 33-59 and 74,
north-central GOMEX (those between 86°00'W and 94°00'W); 61-73, northwestern GOMEX (waters west of 94°00'W); and 23, 25, 32,
48, 60, and 76-80 are Gulf-wide studies. Assignment of taxa to Families follows Robins et al. (1980) except Epigonus sp. and Sym-

physanodon typus which follows Johnson (1984).

Numbers in Source, see end of table.

Family Taxa J FM A M J J A S »] Source
Elopidae Elops saurus X X X X X X X 1,2,41,54,61,63,66
Albulidae Megalops atlanticus X X X 2,6

Albula vulpes X X 54,66
Clupeidae Brevoortia spp. X X X X X X X X 1-3,61-63
B. patronus X X X X X * 33,40-42,46,47,49,53,55,
57-59,61-63,66,69,74
B. smithi X X X X 5,55
Etrumeus teres * * X X X X X 25,12,29,40,41,43,50-52,
59,61,63,66,68
Harengula jaguana x x * = = * X X X 1-3,5,30,40,46,47,50-53,
56-59,61-63,66,68,69
Opisthonema oglinum X x = = * * X X X 2,5,31,40,46,50-52,
56-59,61-63,68,69
Sardinella aurita X X X X X X X X X 2,22,50-52,56,59,61,
63,68
Engraulidae Anchoa spp. X X * *» *» = = »*» * X X X 1-3,23,25,40,41,46,47,
53,56-59,61-64,66,68,69
Anchoviella | Engraulis X X X X X X X X X X X X 4041,46,61-63,68
Gobiesocidae Gobiesox strumosus X x * * * X X X X X X X 1,340,41,46,47,56,58,
59,66,68
Ogcocephalidae  Ogcocephalus sp. X X X 68
Bregmacerotidae Bregmaceros atlanticus X X X X X X X X X X X X 24,40,5961-64,68
B. cantori X X X X X X x * * * * X 24405964
B. houdei X X X X X *= = * * 2,464
B. macclellandi X X X X X X X 2,4
Gadidae Urophycis spp. X X X X X 2,40,41,57.59,61-63,68
U. cirrata X 64
U. floridanus X X 63
Ophidiidae Brotula barbata X X X 40,59,64
Lepophidium spp. X X X X X X X X X X X X 18,40,59,63,68
Ophidion spp. X X X X X X X X X 40,59,61-63,68
0. selenops X X X X X X X X X X 18,40
Ophidion Type 1 X X X X X X X X X X 18
Ophidion Type 2 X X X X X X X X X X 18
Otophidium omostigmum X X X X X X X X X X 18,68
Carapidae Carapus bermudensis X X X X X X X X X 2,63
Echiodon sp. X X X X X X X X X X 2,64
Exocoetidae Hemiramphus balao X X X 2
H. brasiliensis X X X 2
Hyporhamphus unifasciatus X X X X X X X X 2,40,69
Belonidae Ablennes hians X X 62
Atherinidae Membras martinica X X X X 2,40,41,46,47,58,69
Holocentridae Adioryx vexillarius 2
Holocentrus sp. X 40
Caproidae Antigonia spp. X X X 2
A. capros X 2
Trachipteridae Trachipterus sp. X 59
Fistulariidae Fistularia sp. X 2
Centriscidae Macrorhamphosus scolopax X X 2,40,41,59,63,64
Serranidae Anthias spp. X X X X X X X X X X X X 241616364
Centropristis spp. X X X X X X X X X X 41,53,59,61-64,68
C. striata X X X X X X X 2,7
Diplectrum spp. X X x x *» = *» * X X X X 535961-64,68
D. formosum X X x * *» X X * * X X 27
Epinephelus spp. X X X X X X X X X 2,64,68
Gonioplectrus hispanus X 64
Hemanthias aureorubens X X X X X X X 2
H. leptus X 2,40
H. vivanus X X X X X X X X X X X X 2616364
Holanthias martinicensis X X 64
Liopropoma spp. X X X X X X X X 2,61,63,64
Myctoperca spp. X 64
Plectranthias garrupellus X 2
Serraniculus pumilio x = » = * X X 2,7,40,61-63
Serranus spp. X X X X X X X X X X X 2636468
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TABLE 1.—Continued.

Family Taxa J F A M J J A S O ND Source
Grammistidae Pseudogramma gregoryi X X X 2
Rypticus spp. X X X X * * X X 2,7,40,53,61-63,68
R. saponaceus X X X X X 61-63,68
Priacanthidae Priacanthus spp. X X X X X X X X 2,32,64
P. arenatus X 64
P. cruentatus X X 64
Pristigenys alta X X X X 2,32
Apogonidae Apogon sp. X 41
Epigonidae Epigonus sp. X 64
Malacanthidae Caulolatilus spp. X X X X X X X X X X X 2616364
C. cyanops X X 2
Pomatomidae Pomatomus saltatrix X X X X 40,59,61,63,64,67
Rachycentridae Rachycentron canadum X X X X X X 2,37,62,63
Carangidae Alectis crinitus X X X X 48,62
Caranx sp. X X X X X X X X X X X 28,61,6368,69
C. crysos X x * * * X X X 2,8,24,41,50-52,61
C. hippos/latus X X X X X 32,48,60,69
Chloroscombrus chrysurus x x = = = X 1-3,8,40,41,46,47,50-53,
56-59
Decapterus punctatus oo X X 2,8,10,24,40,50-53,59,
61-63,68
Elagatis bipinnulata X X X X X X 2,56,59
Hemicaranx amblyrhynchus X X X X X X 48,66
Oligoplites saurus x x *» * * X X X 1-3,8,10,32,40,41,46,48,
53,56,59-61,68,69
Selar crumenopthalmus X X X X X X X 32,40,48,53,59,60
Selene spp. X x *~ * * X X 2,8,10,32,40,41,48,53,
59-61,63,68
Seriola spp. X X X X X X X X X X  2,8,32,40,48,56,59,60,
63,68
Trachinotus spp. X X X X X X 2,8,32,47,48,61,63
T. carolinus X X X X 32,41,48,60,66
T. falcatus/goodei X X X 48,60
Trachurus lathami ot X X X X 2,8,23,40,41,50-52,59,
61-63,68
Coryphaenidae Coryphaena spp. X X X X X X X 2,41,61,64
C. equisetis X X X X X X X 2,17,23,25,40
C. hippurus X X X X X X X X X 2,17,23,25
Lutjanidae Etelis oculatus X X X X X 62,63
Lutjanus spp. X x * * * X X X 2,40,53,59,61,63,64
L. campechanus X X X X X X X 62,64,73
Pristipomoides aquilonaris X X X X X X X X 2,64
Rhomboplites aurorubens X X X X X X X X 2,64
Acropomatidae Symphysanodon typus X X X 2
Gerreidae Eucinostomus spp. X X X X X X X X 40,47,53,59,61-63,66
Haemulidae Haemulon spp. X X X X 61,63
Orthopristis chrysoptera X X X X 2,40,46,47,59,66,69
Sparidae Archosargus probatocephalus X * X 1,2,40,47,48,53,59,60,
69,70
Diplodus holbrooki X X X X 2,68
Lagodon rhomboides A X X X * 1-3,11,40,41,46-48,53,
56,57,59,60,62,63,66,68,
69
Pagrus pagrus X X X 2,68
Stenotomnus caprinus X X 48,61
Sciaenidae Bairdiella chrysoura o X X 1-3,32,39-41,46,47,53,
. 57-59,62,63,66,69,71
Cynoscion arenarius X X X = * X X 1-3,32,34,35,39,40,46,
53,56-59,61,63,68,69,71
C. nebulosus X A D G ¢ 1-3,32,35,39-41,46,47,
63,566-59,68-72
C. nothus X X X x * *= X 2,32,39-41,46,53,56,59,
61-63,68
Larimus fasciatus X X X X X * X X 34,39-41,46,53,56,58,59,
61-63,69
Leiostomus xanthurus X X X X ™ 1-3,34,39-41,44,46,47,
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TABLE 1.—Continued.

Family Taxa J M J A D Source
Menticirrhus spp. X X X X X X X 1-3,32,34,39-41,46,47,
53,56-59,61-63,66,68,69
Micropogonias undulatus * X X X X * o * 1-3,34,39-41,44,46 47,
53,56-59,61-63,66,
68-71,74
Pogonias cromis x » *» * X X 1-3,34,39,40,46,47,56,
58,59,61,63,66,68~70,72
Sciaenops ocellatus x * * X 1,28,39,40,46,47,53,56,
58,59,61,63,66,69,70,72
Stellifer lanceolatus X X X X X X X 32,39-41,46,53,56-59,
66,69
Mullidae Mullus auratus X 2
Kyphosidae Kyphosus spp. X X X X X X X 2,61,63
Ephippidae Chaetodipterus faber x x *» = = X 40,41,46,47,53,56,57,59,
61-64,66,68
Pomacentridae Abudefduf saxatilis X 63
Mugilidae Mugil spp. X X X X X X X X X X X X 2616368
M. cephalus X X X X * 40,41,44,47,53,57,59,
61-64,69,71
M. curema x * = * X 40,46,47,57,59,63,64,68
Sphyraenidae Sphyraena spp. X X * * * X X X 40,46,53,57,59,61-64,66,
68
S. barracuda X X X X X 2,64
S. borealis X X X X 2,61,68
S. guachancho X X X X X 2,61,63
Polynemidae Polydactylus octonemus 64
Opistognathidae  Lonchopisthus macrognathus X 68
Gnathagnus egregius X X 63
Callionymidae Callionymus spp. X X 61,68
C. bairdi X 59
C. pauciradiatus X X X 40,59
Microdesmidae Microdesmus spp. X X X X X X X X X 2,40,46,57,59,61-64,68
Acanthuridae Acanthurus spp. X X X X X X X 2,64
Gempylidae Gempylus serpens X 2,61
Nealotus tripes X X 2,41
Nesiarchus nasutus X X X 2,58
Diplospinous multistriatus X X X X X X X X X X 2,40,41,59,61,63
Trichiuridae Lepidopus sp. X 61
Trichiurus lepturus X X X X X X X X X X X X 40,41565961,63,68
Scombridae Acanthocybium solanderi X X X X X X 2,25
Auxis spp. X X x x *» *» *» * * X X 2,21,23,25,32,40,59,61,
63,64,68,79
Euthynnus alletteratus x * * *» * * X X 2,21,23,25,32,40,53,57,
59,61-64,68,79
E. pelamis X X X X X X X 2,21,23,25,32,40,61,63,
64,79
Sarda sarda X 53
Scomber japonicus X X X X X X X X X 2,32,40,61,63,68
Scomberomorous cavalla X X X * * X X 2,21,23,25,27,32,40,
50-52,59,61-65,68
S. maculatus X X X x * * X 2,23,25,27,32,40,50-53,
56,57,59,61-63,65,66,68
T. albacares X - * X X 40,63
T. atlanticus X - * X X X X 2,21,23,25,32,40,61,63,
64,79
T. thynnus X X X 2,21,23,25,32,40,61,64,
68,76-78,80
Xiphiidae Xiphias gladius X X X * * * X X X X X X 19,23,25,64,79
Istiophoridae Istiophorus sp. X X X X X 2,16,23,25,61-64
Stromateidae Ariomma spp. X X X X X X X X X X 2,40,41,57,59
Cubiceps pauciradiatus X X X X X X X X X X X X 2404159616364
Hyperoglyphe bythites X X X X 36
Nomeus gronovii X X 40,41
Peprilus paru X * * * X X X 2,32,38,40,41,53,56,57,
59,61-63,66
P. burti X X X X X X * * 232384041535759,
61-64,66,68
Psenes spp. X X X 2
P. cyanophrys X 2
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TaBLE 1.—Continued.

Family Taxa J M A M J J A D Source
P. pellucidus X X X 2
Tetragonurus atlanticus X 59
Scorpaenidae Scorpaena spp. X X X X X X X X X X X X 240415356,5761-63,
66,68
Triglidae Peristedion spp. X 2
Prionotus spp. X X X X X X X X X X X X 1-3,40,41,46,53,56-59,
61-64,66,68,69
Dactylopteridae Dactylopterus volitans X 2,40
Bothidae Bothus spp. X X X X X X X X X X 324041,4559,61-64,68
B. ocellatus X X = = * X X X X X X X 61-63,68
B. robinsi X X X * *» * * x r n 2,9
Citharichthys spp. X X X X X X X X X X X X 3240,46,56-59,63,66,68,
69
C. cornutus X X x *» * = * X X X 2,9,32,40
C. gymnorhinus X X X X X X X X X X 29324059
C. macrops X X X X * X X X X X X 2,9,26
C. spilopterus X X X X X X X X X X X 2264041,4553,59
Cyclopsetta spp. X X X X x * * * X X 32,40,41,45,61-63,68
C. fimbriata X X X * X X * X X 2,9,62,63
Engyophrys senta X X X X X X 2,20,32,40,41,45,53,59
Etropus crossotus X X X X X X X X 26,32,40,41,45,46,56,57,
59
E. rimosus oror X X X X X X ot o 2926
Monolene sessilicauda X X X X X X X X 2913,32,40,61,62,68
Paralichthys spp. X X X X X * 1,240,41,45-47, 53,57,
59,61-63,66,68-70
Syacium spp. X * * * X X X X 324041,4553,59,61-64,
68
S. gunteri X * * X X X X 3240,57,61-63,66
S. papillosum X *= * * * X X 2,9,14,32,40
Trichopsetta ventralis X X X X X X 2,9,15,32,40,45
Soleidae Achirus lineatus X X X x * *» * X X X 2,3,40,41,45-47,53,56,
57,59,75
Gymnachirus sp. x = * X 61,63
G. melas X X X 2
Trinectes maculatus X X * X X X 1,40,46,53,58,66
Cynoglossidae Symphurus spp. X X X X X X X X X X X 2,3,40,45-47,53,56-59,
61-64,66,68,69
Balistidae Balistes sp. X X 61
Monacanthus sp. X X X 61,62,68
M. hispidus X X X X X 46,53,69
M. setifer X 40
Ostraciidae Lactophrys sp. X X X 66,68
Tetraodontidae Lagocephalus laevigatus X X 68
Sphoeroides spp. X X X X X X X X X X X X 1,240,41,46,53,56,57,
59,61-64,66,68,69
Molidae Ranzania laevis X 64
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TABLE 2.—Primary depth distribution of larvae (<10 mm SL) of some abundant taxa of fishes from the
northern Gulf of Mexico above lat. 26°00'N. Depths are those reported in the literature at which >75%
of larvae were collected. Asterisk (*) indicates larvae are estuarine-dependent.

Depth (m)

Taxa <25 <60 <100 50-200 >150 Source
Chloroscombrus chrysurus X 1,2,3,4,5,6,8,10
Orthopristis chrysoptera X 1
Cynoscion nebulosus * X 1,9,10
C. arenarius X 1,2,9,10,11
Pogonias cromis * X 11
Archosargus probatocephalus * X 1
Chaetodipterus faber X 2
Peprilus paru X 1,25,26
Anchoa spp. X 1
Harengula jaguana X 1,4,5,6,13
Opisthonema oglinum X 1,4,5,6,10,29
Brevoortia patronus * X 14,15,16,17,32
Sardinella aurita X 1,4,6,18
Diplectrum formosum X 1
Serraniculus pumilio X 1
Centropristis striata X 1
Lagodon rhomboides * X 1
Leiostomus xanthurus * X 1,11,19,32
Micropogonias undulatus * X 1,11,19,20,32
Scomberomorus maculatus X 1,4,21,22,23,24
Decapterus punctatus X 1,3,4,6
Peprilus burti X 25,26
Etrumeus teres X 1,5,6,11,12,27,28,30
Caranx crysos X 1,3,4,6
Trachurus lathami X 1,2,3,5,30
Hemanthias vivanus X 1
Auxis sp. X 1,21,22,23
Euthynnus alletteratus X 1,21,22,30
Scomberomorus cavalla X 20,23,24
Lutjanus campechanus X 31
Xiphias gladius X 7,21,22
Istiophorus spp. X 21,22

Euthynnus pelamis

X 1,21,22,23
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3Houde 1977c.

15Fore 1970.
1€Turner 1969.

18Houde 1976.
®Fruge 1977.

crepancy in Spanish sardine seasonal occurrence
reported by Houde and Fore (1973) (September-
February) and that found by Shaw and Drullinger
(1985, 1986), Shaw et al. (1987), and this review
(March-November). Finally, seasonality data re-
ported in Ditty (1986) for larvae of finescale men-
haden, Brevoortia gunteri, was based on specimens
subsequently believed to be a morph of gulf menha-
den (B. patronus).

In general, the seasonal occurrence of many taxa
of larval fishes (i.e., scaled sardine, Harengula
Jaguana, and Atlantic thread herring, Opisthonema
oglinum) began both earlier and extended later in

14Ghaw et al. 1985.

17Christmas and Waller 1975.

20Finucane et ai. 1977.
21Richards et al. 1984.
22Kelloy et al. 1986.

23Dwinell and Futch 1973.
24McEachran et al. 1980.
25Ditty 1981.

26SEAMAP 1983.

27Fore 1971.

28Houde 1973.

2Houde 1977a
BFinucane et al. 1979b.
31Collins et al. 1980.
3280gard et al. 1987.
33Richards and Potthoff 1980b.

studies conducted on the Florida continental shelf
and southern parts of the study area than those in
the northern-most GOMEX. Likewise, in studies in-
volving bays (e.g., Phillips et al. 1977; Blanchet
1979; Williams 1983), tidal passes (e.g., King 1971;
Sabins 1973; Allshouse 1983), and barrier islands
(e.g., Guillen and Landry 1981; Ruple 1984), peak
seasonal occurrence of larvae of some fishes was
usually later than in studies conducted offshore,
primarily because of the time delay necessary for
shoreward migration of estuarine-dependent larvae
such as Atlantic croaker (Micropogonias undulatus),
striped mullet (Mugil cephalus), pinfish (Lagodon
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TaBLE 3.—Location and sampling characteristics for northern Guif of Mexico (GOMEX) ichthyoplankton studies. For months sampled:
Q = quarterly, M = monthly, S = synoptic, B = biweekly. Numbers in columns with asterisk (*) refer to footnotes. Numbers separated

by semicolons refer to specific gear types.

Gear Mesh Station Months/freq. Study type/
Study type* size (mm) depths (m) sampled* taxa studied Tow type* Study location
Phillips et al. 1977 2 0.363 <10 10, B Survey 13 Tampa/Hillsborough Bay, FL
Blanchet 1979 2 0.505 2-6 11, M Survey 14 Lower Apalachicola Bay, FL
Houde et al. 1979 1,2 0.505 10-200 9, Q Survey 13 Florida continental shelf
Turner 1969 4 0.571 <58 9, Oct.-Apr. Brevoortia 15, 19 Eastern and central GOMEX
Williams 1983 5 0.505 <10 11, M Survey 14, 17 Lower Mobile Bay, AL
Struck and Perry 1982 2 1.050 10 9, M Survey 14, 17 Off Mississippi Sound
Ruple 1984 4; 6 0.505, 0.571 4-7;05 12, M Survey 14, 19; 21 Horn Island, MS
Juarez 1976 2 0.505 >183  Q, Apr.—-Nov. Scombrids 13 Central GOMEX
Montolio 1976 2 0.505 >183 Q, Apr.-Nov. Carangids 13 Central and western GOMEX
Fore 1971 — - 27-108 M, Dec.-Apr. Etrumeus — Central GOMEX
Sabins 1973 8 0.480 <1.5 11, M Survey 19, 21 Caminada Pass, LA
Fruge 1977 1,2 0.505 <91 Nov. Micropogonias 13 Mississippi River Delta to
Atchafalaya Bay, LA
Kuhn 1979 1 0.505 10-91 Nov., Jan., July Bothids 13 Mississippi River Delta to
Atchafalaya Bay, LA
Ditty and 1 0.505 10-91 Jan., July Survey 13 Mississippi River Delta to
Truesdale 1984 Atchafalaya Bay, LA
Walker 1978 2 0.505 10-45 July, Aug., Dec. Survey 15, 19 Mississippi River Delta to
Timbalier Bay, LA
Ditty 1986 1,2 0.363 10; 30 11, M;8,Q Survey 14, 16, 17; Off Caminada Pass, LA
14
Vecchione et al. 1982 1 0.333, 0.505 10 11, M Survey 14, 16, 17 Southwest Louisiana off
Calcasiou Lake
Cowan 1985 1 0.335 6-130 M, Dec.-Apr. Sciaenids 18 Southwest Louisiana
Shaw et al. 1985 1 0.335 6-130 M, Dec.-Apr. Brevoortia 18 Southwest Louisiana
Guilien and 8 1.000 <1.5 M, Jan.-Aug. Survey 18, 21 Galveston iIsland, TX
Landry 1981
McGowan 1985 1 0.333 Overreef 9,Q Survey 13, 20 Flower Gardens Reef, TX
King 1971 4 1.000 <5 9, M Survey 14, 16, 17 Cedar Bayou Pass, TX
Hoese 1965 2 0.086 6-50 9, M Survey 14 Off Port Aransas, TX
Alishouse 1983 4 0.505 3-12 11, M Survey 13 Aransas Pass, TX
Finucane 1976 2 0.250 18-135 Dec., Apr., Aug. Survey 13 South Texas continental
shelf
Finucane et al. 1977, 1 0.333, 0.505 18-182 9, M Survey 13 South Texas continental
1979b shelf
Finucane et al. 1979a 1 0.333, 0.505 17 July, Oct., Feb. Survey 13 Oft Galveston, TX
Fore 1970 7 — 7-75 M, Sept.—Apr.  Brevoortia 18 Central and western GOMEX
Christmas and 2;4 0.505;1.000 2-110 9, Oct.-Apr. Brevoortia 13; 14 Gulf-wide
Waller 1975
Richards and 1; 3 0.505; 0.946 >183 9, Apr-May  Scombrids 13; 14 Gulf-wide
Potthoff 1980a, b
SEAMAP 1983-1985  1; 3 0.333; 0.946 >10 9,8 Survey 13; 14 Gulf-wide
160 cm bongo. ?Gulf-vV sampler. 1214 months. 17Bottom.
21 m met. 8Renfro beam trawl. 130blique. 18Stepwise oblique.
31 x 2 m neuston. SMultiyear. 14Surface. ®Horizontal.
40.5 m net. 1015 months. 15Subsurface. 200blique at select depth intervals.
51 x 0.5 net. 1112 months. 16Middepth. 21Surf zone.
62 x 0.5 m.

rhomboides), black drum, red drum, and gulf men-
haden.

The seasonal occurrence of several taxa are known
only from a few scattered specimens (e.g., cornet-
fish, Fistularia sp.; ribbonfish, Trachipterus sp.;
cowfish, Lactophrys sp.; slender mola, Ranzania
laevis; threadfish, Polydactylus sp.; and cobia,
Rachycentron canadum) or a single monthly record
(Table 1). Larvae of other taxa (e.g., searobins, Pri-
onotus spp.; anchovies, Anchoa spp.; tonguefishes,
Symphurus spp.; and pufferfishes, Sphoeroides spp.)
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were collected during all months (Table 1), reflect-
ing the many species that comprise each genus. In
general, larvae of most scombrids were collected
beyond the 50 m depth contour, except Spanish
mackerel, Scomberomorus maculatus, which oc-
curred primarily within 50 m. Finucane et al. (1979b)
collected 50% of their king mackerel, S. cavalla, lar-
vae off Texas during September and found this
species relatively more abundant and over greater
water depths (85-183 m) than Spanish mackerel
(<85 m). In the north-central GOMEX, larvae of



Spanish mackerel were more abundant than those
of king mackerel, and spawning of this latter species
probably occurs over shallower depths than in the
northwestern GOMEX (Shaw et al. 1987). Only six
larvae of king mackerel were collected by Houde et
al. (1979), suggesting that this species does not use
the northeastern GOMEX as a major spawning area.
Larvae of cero, S. regalis, have not been reported
from the study area. Larvae of sciaenids and en-
graulids occurred primarily within the 50 m depth
contour, with several species of sciaenids primarily
collected inside the 25 m contour (Table 2). Both
sciaenids and engraulids are relatively more abun-
dant in the north-central and northwestern than in
the northeastern GOMEX (Finucane et al. 1977,
1979b; Houde et al. 1979; Richards et al. 1984;
Kelley et al. 1986) (Table 4). Most larvae of clupeids
occur in shelf waters of <50 m depth, except those
of round herring, Etrumeus teres, which primarily
occur beyond the 50 m contour (Table 2). Larvae of
gulf menhaden are more abundant in the north-
central than either the northeastern or northwest-
ern GOMEX and occur primarily around the
Mississippi River Delta (Fore 1970; Christmas and
Waller 1975; Sogard et al. 1987; and others). Scaled
sardine and Atlantic thread herring larvae are
abundant in all three subregions of the northern
GOMEX; Spanish sardine are rare in the north-
central but relatively abundant in the northeastern
and northwestern GOMEX (Shaw and Drullinger
1985, 1986; Shaw et al. 1987). Larvae of gulf butter-

TABLE 4.—Comparison of 10 most abundant famities of larval fishes
collected during major ichthyoplankton surveys of the Gulf of Mex-
ico. Rank is based on number of individuals collected. Numbers
are % of total collection.

Finucane Finucane Houde Kelley

Finucane et al. etal. etal. etal
Taxa 1976 1977 1979b 1979 1986
Engraulidae 17.4 13.5 6.2 14.6
Gobiidae 16.6 20.6 15.8 151 6.2
Bregmacerotidae  14.5 12.5 7.3 2.7 54
Clupeidae 8.5 5.0 8.1 20.5 9.6
Sciaenidae 5.3 2.1 3.1
Carangidae 4.8 3.1 3.7 3.9 4.1
Bothidae 4.6 8.4 6.1 6.4 4.4
Synodontidae 4.5 3.6 10.9 3.0
Myctophidae 3.0 5.0 4.9 51 11.2
Serranidae 2.0 2.2 4.9
Cynoglossidae 3.4
Scombridae 1.9
Ophidiidae 2.9
Labridae 2.3
Gonostomatidae 3.3
Mugilidae 2.5
Totals 81.2 75.7 68.6 66.8 64.4

fish, Peprilus burti, and harvestfish, P. paru,
are most common in the north-central GOMEX
(SEAMAP 1983), with only a few of their larvae (8
and 25, respectively) having been collected by Houde
et al. (1979) in the northeastern GOMEX. Although
gulf butterfish larvae have been collected during
every month (Table 1), larvae are most common
from November to March with very limited spawn-
ing during the summer (Ditty 1981; SEAMAP 1983).
Houde et al. (1979) also collected >90% of both
sparid and haemulid larvae inside the 50 m contour
during their Florida continental shelf survey and
found that although lutjanids occurred at all depths,
they were most abundant from 30 to 100 m. Unlike
larvae of other speciose families which primarily oc-
curred either within (e.g., clupeids, engraulids, and
sciaenids) or beyond (e.g., scombrids) the 50 m depth
contour, those of bothids, carangids, and serranids
were widely distributed and occurred at all depths.
Larvae of swordfish, Xiphias gladius, and sailfish,
Istiophorus sp., are oceanic and occurred primarily
outside the 200 m depth contour; leptocephali of
tarpon, Megalops atlanticus, and bonefish, Albula
vulpes, were seldom collected in the study area. Of
those taxa whose larvae were most abundant within
the 25 m contour (Table 2), several were most com-
monly collected at considerably shallower depths
(e.g., pigfish, Orthopristis chrysoptera <20 m; black
drum <18 m; and spotted seatrout, Cynoscion nebu-
losus <15 m). Larvae of other taxa which occurred
primarily within the 25 m contour includes leather-
jacket, Oligoplites saurus (<20 m; Houde et al.
1979); kingfish, Menticirrhus spp. (<20 m; Walker
1978; Houde et al. 1979; Cowan 1985); and spottail
pinfish, Diplodus holbrooki (<15 m; Houde et al.
1979). Larvae of hogchoker, Trinectes maculatus,
and silver perch, Bairdiella chrysoura, were occa-
sionally collected in neritic offshore studies, but
were most abundant in pass/estuarine studies (e.g.,
Sabins 1973; Allshouse 1983).

In conclusion, these data represent the current
knowledge of the seasonality, peak oceurrence, and
primary depth distribution of larval fishes in the
northern GOMEX. This information provides a foun-
dation upon which sound management decisions con-
cerning both the commercial and recreational ex-
ploitation of spawning aggregations of fishes and
the potentially adverse impact on these fisheries
resulting from such exploitation can be based.

Acknowledgments

We would like to thank the Louisiana Department
819



of Wildlife and Fisheries and the Louisiana Offshore
0Oil Port (LOOP, Inc.) for providing unpublished
seasonality data from 1983 plankton surveys; the
Southeast Area Monitoring and Assessment Pro-
gram (SEAMAP) for providing data on selected
species of clupeids, priacanthids, carangids, scom-
brids, and bothids collected during 1982 surveys of
northern GOMEX waters; and to William J. Rich-
ards for sharing information on Peprilus burti and
P. paru collected during 1982 SEAMAP cruises.
This paper is dedicated to Robert and Katherine
Ditty whose love and support through the years are
an inspiration. Louisiana State University Coastal
Fisheries Institute Contribution No. LSU-CFI-87-
25.

Literature Cited

ALLSHOUSE, W. C.

1983. The distribution of immigrating larval and post-larval
fishes into the Aransas-Corpus Christi Bay complex. M.S.
Thesis, Corpus Christi State Univ., Corpus Christ, TX, 118 p.

APRIETO, V. L.

1974. Early development of five carangid fishes of the Gulf
of Mexico and the South Atlantic coast of the United States.
Fish. Bull., U.S. 72:415-443.

BARGER, L. E., L. A. CoLLINS, AND J. H. FINUCANE.

1978. First record of bluefish larvae, Pomatomus saltatriz,

in the Gulf of Mexico. Northeast Gulf Sci. 2:145-148.
BLANCHET, R. H.

1979. The distribution and abundance of ichthyoplankton in
the Apalachicola Bay, Florida area. M.S. Thesis, Florida
State Univ., Tallahassee, 143 p.

CALDWELL, D. K.

1957. The biology and systematics of the pinfish, Lagodon
rhomboides (Linnaeus). Bull. Fla. State Mus., Biol. Ser.
2:77-173.

CHRISTMAS, J. Y., AND R. S. WALLER.

1975. Location and time of menhaden spawning in the Gulf
of Mexico. Gulf Res. Rep., 20 p.

CoLLINs, L. A., J. H. FINUCANE, AND L. E. BARGER.

1980. Description of larval and juvenile red snapper, Lutja-
nus campechanus. Fish. Bull., U.S. 77:965-974.

CoLtoN, J. B, Jr., W. G. SMITH, A. W. KENDALL, JR., P. L.
BERRIEN, AND M. L. FAHAY.

1979. Principal spawning areas and times of marine fishes,
Cape Sable to Cape Hatteras. Fish. Bull., U.S. 76:911-
915.

Cowan, J. H,, Jr.

1985. The distribution, transport and age structure of drums
(Family Sciaenidae) spawned in the winter and early spring
in the continental shelf waters off western Louisiana. Ph.D.
Thesis, Louisiana State Univ., Baton Rouge, 182 p.

DaNiELs, K. L.

1977. Description, comparison, and distribution of larvae of
Cynoscion nebulosus and Cynoscion arenarius from the
northern Guif of Mexico. M.S. Thesis, Louisiana State
Univ., Baton Rouge, 47 p.

Dawson, C. E.
1971a. Notes on juvenile black driftfish, Hyperoglyphe byth-

820

ites, from the northern Guif of Mexico. Copeia 1971:732-
735.

1971b. Occurrence and description of prejuvenile and early
juvenile Gulf of Mexico cobia, Rachycentron canadum.
Copeia 1971:65-71.

Ditty, J. G.

1981. Comparative morphological development of Peprilus
burti, P. triacanthus, and P. paru from the western North
Atlantic. M.S. Thesis, Louisiana State Univ., Baton Rouge,
48 p.

1984. Seasonality of sciaenids in the northern Gulf of Mex-
ico. Assoc. Southeastern Biol. Bull. 31(2):55.

1986. Ichthyoplankton in neritic waters of the northern Gulf
of Mexico off Louisiana: composition, relative abundance,
and seasonality. Fish, Bull., U.S. 84:935-946.

DiTTY, J. G., AND F. M. TRUESDALE.

1984. Ichthyoplankton surveys of nearshore Gulf waters off
Louisiana: January-February and July, 1976. Assoc.
Southeastern Biol. Bull. 31(2):55-56.

Dowp, C. E.

1978. Abundance and distribution of Bothidae (Pisces, Pleuro-
nectiformes) larvae in the eastern Gulf of Mexico, 1971-1972
and 1973. M.S. Thesis, Univ. Miami, Miami, 106 p.

DwWINELL, S. E., aND C. R. FUTCH.

1978. Spanish and king mackerel larvae and juveniles in the
northeastern Gulf of Mexico, June through October 1969.
Fla. Dep. Nat. Res., Mar. Resour. Lab. Leafl. Ser. Vol. IVA
Part 1(24):1-14.

FINUCANE, J. H.

1976. Baseline survey of ichthyoplankton. In W.B. Jackson
(editor), Environmental studies of the south Texas outer con-
tinental shelf 1975. Vol. 1: Plankton and fisheries, p. 20-42
and 163-305. NOAA Final Report to BLM, Contract No.
08550-1A5-19, 425 p.

FINUCANE, J. H., L. A. CoLLINS, AND L. E. BARGER.

1979a. Determine the effects of discharges on seasonal abun-
dance, distribution, and composition of ichthyoplankton in
the oil field. In W. B. Jackson (editor), Environmental
assessment of an active oil field in the northwestern Gulf
of Mexico, 1977-1978. Vol. 2 - Data management and bio-
logical investigation, p. 2.3.6.-1 thru 2.3.6.-157. NOAA
Final Report to EPA, Contract No. EPA-IAG-D5-E693-EO.

Finucang, J. H., L. A. CoLLINs, L. E. BARGER, AND J. B.
MCEACHRAN.

1979b. Ichthyoplankton/mackerel eggs and larvae. In W. B.
Jackson (editor), Environmental studies of the south Texas
outer continental shelf 1977. NOAA Final Report to BLM,
Contract No. AA550-1A7-21, 504 p.

FINUCANE, J. H., L. A. COLLINS, AND J. D. MCEACHRAN.

1977. Ichthyoplankton/mackerel eggs and larvae. In'W. B.
Jackson (editor), Environmental studies of the south Texas
outer continental shelf 1976. NOAA Final Report to BLM,
Contract No. AA550-TA7-3, 484 p.

Forg, P. L.

1970. Oceanic distribution of eggs and larvae of the Gulf
menhaden. In Report of the Bureau of Commercial Fish-
eries Biological Laboratory, Beaufort, N.C., for the fiscal
year ending June 30, 1968, p. 11-13. U.S. Fish. Wildl. Serv.
Cire. 341.

1971. The distribution of the eggs and larvae of the round
herring, Etrumeus teres, in the northern Gulf of Mexico.
Assoc. Southeastern Biol. Bull. 18(1):34.

FRUGE, D. J.

1977.  Larval development and distribution of Micropogon un-

dulatus and Leiostomus zanthurus and larval distribution



of Mugil cephalus and Bregmaceros atlanticus of the south-
eastern Louisiana coast. M.S. Thesis, Louisiana State
Univ., Baton Rouge, 75 p.

Furcy, C. R.

1971. Larvae of Monolenc sessilicauda Goode, 1880
(Bothidae). Fla. Board Conserv., Mar. Lab. Leafl. Ser. 1V,
Part 1(21):1-11.

1977. Larvae of Trichopsetta ventralis (Pisces: Bothidae),
with comments on intergeneric relationships within the
Bothidae. Bull. Mar. Sci. 27:740~757.

FurcH, C. R., aND F. H. HOFF, JR.

1971. Larval development of Syacium papillosum (Bothidae)
with notes on adult morphology. Fla. Board Conserv., Mar.
Lab. Leafl. Ser. IV, Part 1(20):1-22.

GEHRINGER, J. W.

1957. Observations on the development of the Atlantic sail-
fish, Istiophorus americanus (Cuvier), with notes on an
unidentified species of istiophorid. Fish. Bull., U.S. 57:
139-171.

GIBBS, R. H.,, JR., AND B. B. COLLETTE.

1959. On the identification, distribution, and biology of the
dolphins, Coryphaena hippurus and C. equiselis. Bull. Mar.
Sci. Gulf Caribb. 9(2):117-152.

GorboN, D. J.

1982. Systematics and distribution of larval fishes of the
subfamily Ophidiinae (Pisces, Ophididae) in the eastern
Gulf of Mexico. M.S. Thesis, Univ. Miami, Coral Gables, 121

p.
GRraLL, C., D. P. pE SyLva, aND E. D. HOUuDE.

1983. Distribution, relative abundance, and seasonality of

swordfish larvae. Trans. Am. Fish. Soc. 112:235-246.
GUILLEN, G. J., AND A. M. LANDRY.

1981. Species composition and abundance of ichthyoplankton
at beachfront and saltmarsh environments. Proc. Annu.
Conf. Southeast Assoc. Game Fish Agencies 34:388-403.

HENSLEY, D. A.

1977. Larval development of Engyophrys senta (Bothidae),
with comments on intermuscular bones in flatfishes. Bull.
Mar. Sci. 27:681-703.

HERREMA, D. J., B. D. PEERY, N. WILLIAMS-WALLS, AND J. R.
WILCOX.

1985. Spawning periods of common inshore fishes on the

Florida east coast. Northeast Gulf Sci. 7:153-155.
Hogsg, H. D.

1965. Spawning of marine fishes in the Port Aransas, Texas
area as determined by the distribution of young and larvae.
Ph.D. Thesis, Univ. Texas, Austin, 144 p.

Houde, E. D.

1973. Estimating abundance of sardine-like fishes from egg
and larval surveys, Eastern Gulf of Mexico: preliminary
report. Proc. Gulf Caribb. Fish. Inst. 25:68-78.

1974. Research on eggs and larvae of fishes in the eastern
Gulf of Mexico. Iz R. E. Smith (editor), Proceedings of the
marine environmental implications of offshore drilling in the
eastern Gulf of Mexico, p. 187-204. State Univ. Syst. Fla.,
Inst. Oceanogr., St. Petersburg.

1976. Abundance and potential for fisheries development of
some sardine-like fishes in the Eastern Gulf of Mexico.
Proc. Guif Caribb. Fish. Inst. 28:73-82.

1977a. Abundance and potential yield of the Atlantic thread
herring, Opisthonema oglinum, and aspects of its early life
history in the eastern Gulf of Mexico. Fish, Bull., U.S.
75:493-512.

1977b. Abundance and potential yield of the round herring,
Etrumeus teres, and aspects of its early life history in the

eastern Gulf of Mexico. Fish. Bull,, U.S. 75:61-89.
1977c. Abundance and potential yield of the scaled sardine,

Harengula jaguana, and aspects of its early life history in

the eastern Gulf of Mexico. Fish. Bull., U.S. 75:613-628.

1981. Distribution and abundance of four types of codlet
(Pisces: Bregmacerotidae) larvae from the eastern Gulf of
Mexico. Biol. Oceanogr. 1(1):81-104.

1982. Kinds, distributions and abundances of sea bass larvae
(Pisces: Serranidae) from the eastern Gulf of Mexico. Bull.
Mar. Sci. 32:511-522.

Houpkg, E. D., AND P. L. FORE.

1973. Guide to identity of eggs and larvae of some Gulf of
Mexico clupeid fishes. Fla. Dep. Nat. Resour., Mar. Res.
Lab. Leafl. Ser. 4, Part 1, No. 23:1-14.

Houbg, E. D, C. R. FurcH, AND R. DETWYLER.

1970. Development of the lined-sole, Achirus lineatus, de-
scribed from laboratory-reared and Tampa Bay specimens.
Fla. Dep. Nat. Resour., Mar. Res. Lab. Tech. Ser. 62, 43 p.

Houpg, E. D,, J. C. LEAK, C. E. Dowp, S. A. BERKELEY, AND
W. J. RICHARDS.

1979. Ichthyoplankton abundance and diversity in the east-
ern Gulf of Mexico. Report to BLM, Contract No. 11550-
CT7-28, 546 p.

JOHNSON, G. D.

1984. Percoidei: Development and relationships. In H. G.
Moser et al. (editors), Ontogeny and systematics of fishes,
p. 464-498. Am. Soc. Ichthyol. Herpetol. Spec. Publ. No. 1.

JUAREZ, M.

1976. Distribucion de las formas larvarias de algunas especies
de la familia Scombridae en aguas del Golfo de Mexico.
Rev. Invest., INP. 2(1):33-65.

KELLEY, 8., T. PoTTHOFF, W. J. RICHARDS, L. EJSYMONT, AND
J. V. GARTNER.

1986. SEAMAP 1983- Ichthyoplankton: Larval distribution
and abundance of Engraulidae, Carangidae, Clupeidae, Lut-
janidae, Serranidae, Sciaenidae, Coryphaenidae, Istiophori-
dae, Xiphiidae, and Scombridae in the Gulf of Mexico. U.S.
Dep. Commer., NOAA Tech. Memo., NMFS-SEFC-167.

King, B. D, III.

1971. Study of migratory patterns of fish and shellfish
through a natural pass. Texas Parks Wildl. Dep. Tech. Ser.
No. 9, 54 p.

Kunn, N. A,

1979. Occurrence and distribution of larval flatfish (Pleuro-
nectiformes) off the southeastern Louisiana coast during four
cruises including brief descriptions of the early larval stages
of Citharichthys spilopterus and Etropus crossotus. M.S.
Thesis, Louisiana State Univ., Baton Rouge, 79 p.

Leak, J. C.

1981. Distribution and abundance of carangid fish larvae in
the eastern Gulf of Mexico, 1971-1974. Biol. Oceanogr.
1(1):1-28.

MCcCEACHRAN, J. D., J. H. FINUCANE, AND L. S. HALL.

1980. Distribution, seasonality and abundance of king and
Spanish mackerel larvae in the northwestern Gulf of Mex-
ico (Pisces: Scombridae). Northeast Gulf Sci. 4:1-16.

McGowan, M. F.

1985. Ichthyoplankton of the Flower Garden Banks, North-
west Gulf of Mexico. Ph.D. Thesis, Univ. of Miami, Miami,
376 p.

McGowaN, M. F., AND W. J. RICHARDS.

1986. Distribution and abundance of bluefin tuna (Thunnus
thynnus) larvae in the Gulf of Mexico in 1982 and 1983 with
estimates of the biomass and population size of the spawn-
ing stock for 1977, 1978 and 1981-1983. Coll. Vol. Sci.

821



Pap., Int. Comm. Conserv. Atl. Tunas 24:182-195.
MonTOLIO, M. A.

1976. Estudio taxonomico y morfometrico de los estadios lar-
vales de dos especies de Carangidae, Decapterus punctatus
(Agassiz, 1829) y Caranz crysos (Mitchell, 1815), y su distri-
bucion en el Golfo de Mexico. Rev. Invest., INP. 2(2):
85-125.

Prarson, J. C.

1929. Natural history and conservation of redfish and other
commercial sciaenids of the Texas coast. Bull. U.S. Bur.
Fish. 44:129-214.

PETERS, K. M., AND R. H. MCMICHEAL, JR.

1987. Early life history of the red drum, Sciaenops ocellatus
(Pisces: Sciaenidae), in Tampa Bay, Florida. Estuaries 10:
92-107.

PuIiLLIPS, T. D., J. M. LYONS, J. M. DAILY, AND M. SIGURDSON.

1977. A study of ichthyoplankton seasonality and entrain-
ment by the Big Bend Power Plant, Tampa Bay, Florida.
In R.D. Garrity, W. J. Tiffany, and S. Mahadevan (editors),
Ecological studies at Big Bend Steam Electric Station: An
analysis and summary of studies on the effects of the cool-
ing water system on aquatic fauna, Vol. III, Ch. 5, p. 1-128.

RICcHARDS, W. J.

1976. Spawning of bluefin tuna (Thunnus thynnus) in the
Atlantic Ocean and adjacent seas. Coll. Vol. Sci. Pap., Int.
Comm. Conserv. Atl. Tuna. 5:267-278.

1977. A further note on Atlantic bluefin tuna spawning.
Coll. Vol. Sci. Pap., Int. Comm. Conserv. Atl. Tuna. 6:335-
336.

RicHARDS, W. J., AND T. POTTHOFF.

1980a. Distribution and abundance of bluefin tuna larvae in
the Gulf of Mexico in 1977 and 1978. Coll. Vol. Sci. Pap.,
Int. Comm. Conserv. Atl. Tunas. 9:433-441.

1980b. Larval distributions of scombrids (other than bluefin
tuna) and swordfish in the Gulf of Mexico in the spring of
1977 and 1978. Coll. Vol. Sci. Pap., Int. Comm. Conserv.
Atl. Tunas. 9:680-694.

RicHARDS, W. J., T. PorTHOFF, S. KELLEY, M. F. MCGOWAN,
L. EssyMonT, J. H. POWER, AND R. M. OLVERA L.

1984. SEAMAP 1982- Ichthyoplankton larval distribution
and abundance of Engraulidae, Carangidae, Clupeidae, Lut-
janidae, Serranidae, Coryphaenidae, Istiophoridae, Xiphii-
dae, and Scombridae in the Gulf of Mexico. U.S. Dep.
Commer., NOAA Tech. Memo., NMFS-SEFC-144, 4 p.

RoBINS, C. R., R. E. BAILEY, C. E. BoND, J. E. BROOKER, E. A.
LACHNER, R. N. LEa, AND W. B. ScoTT.

1980. A list of common and scientific names of fishes from
the United States and Canada. Am. Fish. Soc. Spec. Publ.
No. 12 (4th ed.), 174 p.

RupLE, D. L.

1984. Occurrence of larval fishes in the surf zone of a north-
ern Gulf of Mexico barrier island. Estuarine Coastal Shelf
Sci. 18:191-208.

SABINS, D. S.

1973. Diel studies of larval and juvenile fishes of the Cami-
nada Pass area, Louisiana. M.S. Thesis, Louisiana State
Univ., Baton Rouge, 163 p.

SAVILLE, A.

1964. Estimation of the abundance of fish stocks from egg
and larval surveys. Rapp. P.-v. Réun. Cons. int. Explor.
Mer 153:164-170.

SEAMAP.

1983. (plankton). ASCII characters. Data for 1982, Fish-
eries-independent survey datae/National Marine Fisheries
Service, Southeast Fisheries Center: Gulf States Marine

822

Fisheries Commission (producer).

1984. (plankton). ASCII characters. Data for 1983. Fish-
eries-independent survey datae/National Marine Fisheries
Service; Southeast Fisheries Center: Gulf States Marine
Fisheries Commission (producer).

1985. (plankton). ASCII characters. Data for 1984. Fish-
eries-independent survey datae/National Marine Fisheries
Service; Southeast Fisheries Center: Gulf States Marine
Fisheries Commission (producer).

SHAwW, R. F., J. H. CowaN, JR., AND T. L. TILLMAN.

1985. Distribution and density of Brevoortia patronus (gulf
menhaden) eggs and larvae in the continental shelf waters
of western Louisiana. Bull. Mar. Sci. 36:96-103.

SHAW, R. F., J. G. DITTY, AND J. LYSZKOWSKI-SHULTZ.

1987. Fisheries-independent data on coastal herrings and
associated species (including mackerels) from the northern
Gulf of Mexico. Final Report to the MARFIN Program
(NOAA Contract No. NA 86-WC-H-06117) for FY 1986-87,
104 p. NMFS Southeast Regional Office, 9750 Koger Blvd.,
St. Petersberg, FL, 33702.

SHAw, R. F., AND D. L. DRULLINGER.

1985. The early life history of coastal pelagic finfish in Loui-
siana. La. Board Regents Res. Dev. Prog., Baton Rouge,
115 p.

1986. Early life history of coastal pelagie finfish in Louisiana.
La. Board Regents Res. Dev. Prog. Final Rep., Baton Rouge,
272 p.

Swrty, D. G.

1980. Early larvae of the tarpon, Megalops atlantica Valen-
ciennes (Pisces: Elopidae), with notes on spawning in the
Gulf of Mexico and the Yucatan Channel. Bull. Mar. Sci.
30:136-141.

S0GARD, S. M., D. E. Hoss, AND J. J. GOVONI.

1987. Density and depth distribution of larval gulf menhaden,
Brevoortia patronus, Atlantic croaker, Micropogonias un-
dulatus, and spot, Leiostomus zanthurus, in the northern
Gulf of Mexico. Fish. Bull., U.S. 85:601-609.

STUcK, K. C., AND H. M. PERRY.

1982. Ichthyoplankton community structure in Mississippi
coastal waters. In Fishery monitoring and assessment com-
pletion report, 1 January 1977 to 31 December 1981, p. VI-
I-1 thru VI—I-53. Gulf Coast Res. Lab. (Ocean Springs,
MS), Proj. No. 2-296-R.

THOMPSON, B. A., AND L. A. DEEGAN.

1982. Distribution of ladyfish (Elops saurus) and bonefish
(Albula vulpes) leptocephali in Louisiana. Bull. Mar. Sci.
32:936-939.

TUCKER, §. W., JR.

1978. Larval development of four species of bothid flatfish
in the Citharichthys-Etropus complex: C. cornutus, C. gym-
norhinus, C. spilopterus, and Etropus crossotus. Ph.D.
Thesis, North Carolina State Univ., Raleigh, 213 p.

TURNER, W. R.

1969. Life history of menhadens in the eastern Gulf of Mex-
ico. Trans. Am. Fish. Soc. 98:216-224.

VECCHIONE, M., C. E. MEYER, AND C. L. STUBBLEFIELD.

1982. Zooplankton. In West Hackberry brine disposal
project pre-discharge characterization, Ch. 8, p. 8-1 thru
8-69. Dep. Energy Strategic Pet. Reserve Proj., D.0O.E.
Contract No. DE-AC96-80P010228, 729 p.

WALKER, H. J., JR.

1978. Ichthyoplankton survey of nearshore Gulf waters
between Barataria Bay and Timbalier Bay, Louisiana, dur-
ing July, August, and December, 1973. M.S. Thesis, Loui-
siana State Univ., Baton Rouge, 59 p.



WiLLiaMs, L. W.
1983. Larval fish assemblages of lower Mobile Bay. M.S.
Thesis, Univ. South Alabama, Mobile, 55 p.

JaMES G. Dirty

Louistana Department of Wildlife and F'isheries
Seafood Division

P.O. Box 98000, Baton Rouge, LA 70898-9000
Present address:

Coastal Fisheries Institute

Center for Wetland Resources

Louistana State University

Baton Rouge, LA 70808-7507

GLEN G. ZIESKE
Louisiana Department of Wildlife and Fisheries
Seafood Division
P.O. Box 98000, Baton Rouge, LA 70898-9000
RICHARD F. SHAW

Coastal Fisheries Institute
Center for Wetland Resources
Louisiana State University
Baton Rouge, LA 70803-7507



